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Description 

[Device for celestial object location 
relative to a user's gaze or its 
approximation] 

Background of Invention 

[0001] The invention relates to astronomy, more particularly the 
identification of celestial objects in relation to a user's 
gaze. 

[0002] There is considerable prior art related to using computers, 
time keeping, and databases to aid a user in locating a 
celestial object either with their eyes by comparison with a 
display ( e.g. 5,704,653), with a handheld non-telescopic 
device by pointing or looking through (e.g. U.S. Pat. No. 
6,366,2 12 ), or by the use of telescopes (e.g. U.S. Pat. No. 
6,392,799 ). This prior art does not enable the a user of 
the device to simply look towards a region of the sky and 
have the celestial objects known to be in the direction of 
gaze identified (based on the sensed or estimated direc- 
tion of gaze, the known coordinates of the celestial ob- 



jects, and the known time and location of use). 
Summary of Invention 

[0003] This invention allows a user's gaze to be related to the lo- 
cation of celestial objects in the sky. The user's gaze may 
be measured directly by sensors aimed at the user's eyes 
(e.g. as with infrared light reflected from a user's eye as in 
inventions like U.S. Pat. No. 5,600,400) or imputed by 
measuring the user's body position in space and assuming 
the gaze to be straight ahead from the user's face or even 
by a combination of body sensing and gaze sensing. The 
measurement of the user's body position can be with re- 
spect to earth's gravitational and magnetic fields as deter- 
mined by acceleration and magnetism sensitive sensors 
placed at locations on the body. The determination of 
what objects are within a user's gaze, or are in a specific 
direction relative to a user's gaze, or are at a given angu- 
lar distance from the user's gaze is performed using stan- 
dard astronomical calculations making use of gaze direc- 
tion, time, position on the earth's surface, and the known 
coordinates of celestial objects. The various components 
that comprise the invention (sensors, processor, database 
of geographic locations with associated latitude and lon- 
gitude, database of celestial object locations with any ad- 



ditional facts of interest about these objects, input/output 
devices, time keeping, and power sources) may be dis- 
tributed in space and interconnected to allow communica- 
tion either by a conductor, conductive medium, or by 
electromagnetic signals, or sound signals. 

[0004] | n a || embodiments of the invention the user's gaze is 

sensed directly or is approximated by the sensing of the 
user's body position and assuming a relationship of gaze 
to body position. Some methods of sensing involve signif- 
icant cost and complexity such as the use of an array of 
cameras to view the user's eye position, or the use of 
multiple, highly accurate gyroscopes to assess the user's 
body position, or the creation of a local frame of reference 
for the user's body relative to surroundings by the use of 
light and ultrasound signals. Given the current state of the 
art of sensor cost and size, a currently economically prac- 
tical embodiment is to use a multi-axis accelerometer 
placed on the user's head (perhaps within a hat worn by 
the user) and a multi-axis magnetometer placed on the 
user's waist (perhaps clipped over pants or a belt). 

[0005] | n a || embodiments, the invention must provide communi- 
cation with the user. The inputs to the device from the 
user may be via buttons or by voice command. The out- 



puts to the user may be by alphanumeric display, graphic 
display, speakers, or vibration. 
[0006] | n a || embodiments, the invention must perform computa- 
tions to relate a user's gaze or approximated gaze to ce- 
lestial objects according to formulas that are well known 
in astronomy. Computations are also performed to com- 
municate with sensors, databases, time keeping, and in- 
put/output devices. In a currently economic embodiment 
this computation can be performed by a microprocessor 
such as those sold by Microchip Technology Inc or Mo- 
torolla, Inc. 

[0007] | n a || embodiments the time at which a user's gaze has a 
specific direction relative to the sky must be determined. 
This may be done by receiving a time signal from a radio 
station or satellite or it may be done by having the user 
input the current time when they start the device and then 
incrementing the time with a time keeping device such as 
a microcontroller or real time clock chip. 

[0008] in all embodiments the location of use must be provided 
in latitude and longitude or a measure transformable into 
latitude and longitude. The latitude and longitude may be 
determined by the use of global positioning signals or 
may be obtained by having the user input location of use 



into the device. The latitude and longitude may be ap- 
proximated by that of a big city, or that of the center of a 
state, province, country, or postal code region in which 
case the user can enter into the device or select from a 
menu the name of a city, state, province, country, or 
postal code and the device will look up an associated lati- 
tude and longitude from computer memory. 

[0009] | n a || embodiments information must be stored. This stor- 
age may be in a variety of commercially available formats 
including those supplied with a microprocessor. The in- 
formation stored may be text, sounds, pictures, numbers, 
or software. In one embodiment addressed sound clips 
are stored in chipcorder chips available from Winbond 
Electronics Corporation America. In some embodiments 
information is stored on removable media which may be 
updated from a personal computer and then placed into 
the device, as is the current practice with memory cards 
into digital mp3 players . 

[0010] | n a || embodiments components must receive power. This 
power may be supplied by a battery that feeds power 
through wires to each component of the device or it may 
be supplied by multiple batteries in components that are 
physically separate. In one possible embodiment power is 



generated from mechanical energy supplied by the user 
and this power is distributed to device components 
through conductors. 
[0011] | n a || embodiments there is a database of celestial objects, 
their names, locations and associated information (any or 
all of: scientific, historical, or fictional information stored 
so as to be presented to the user via any combination of 
graphical, textual, sound, or vibrational signals). The ce- 
lestial objects may be any astronomical object: stars, star 
groupings, planets, moons, asteroids, comets, artificial 
satellites, galaxies, novae, or nebula. In one embodiment 
the database consists of constellation names and loca- 
tions stored in text and associated facts stored as sound 
clips. In another embodiment only planets and constella- 
tions are represented in the database. In another embodi- 
ment the user may add an object to the database through 
an input device or may update the database via connect- 
ing the device to a network or updated removable mem- 
ory. 

[0012] | n a || embodiments it is envisioned that there is a se- 
quence of steps that occur once the device is powered on 
and prior to the device being used to identify or locate ce- 
lestial objects. These initialization steps may include self 



tests. Initialization may include setting or calibrating the 
sensors of the device, which may in turn require that the 
user gaze in set directions or ways while sensor readings 
are being taken. For instance, in one embodiment the sig- 
nals from accelerometers are initially read while the user 
looks straight ahead and approximately level to the 
earth's surface. In some embodiments a user rotates a full 
360 degrees as readings from the magnetometer are 
taken to assess the presence of soft or hard iron defects. 
In some embodiments temperature is measured so that its 
effects on sensors may be estimated. In some embodi- 
ments a user is able to re-run initialization procedures as 
desired or to adjust the relationship of sensor measure- 
ments with celestial objects by means of gazing at a 
known celestial object. 

[0013] 

Brief Description of Drawings 

[0014] Figure 1. Overall schematic of the invention showing com- 
ponents necessary in all embodiments. The arrows denote 
connections that depending on the embodiment could be 
a combination of conductors, electromagnetic signals, 
sound signals, or vibration. 



[0015] Figure 2. Example compositions of components in some 
potential embodiments of the invention. The arrows de- 
note connectivity, which for signals could be wire, a con- 
ductive media, electromagnetic signals, sound signals, or 
vibration. The multiple arrows from power sources to the 
components denote a multiplicity of potential connec- 
tions, being perhaps connections to all components from 
a single power supply or connections from power sources 
distributed near each component. 

[0016] Figure 3 shows an embodiment of the invention where 

gaze is approximated by the user's body position relative 
to earth's gravitational and magnetic field and separate 
components are connected by a conductor. In this em- 
bodiment a multi-axis accelerometer (B) is attached to or 
is within a hat worn by the user. A multi-axis magne- 
tometer (C) is attached to the waist of the user and a 
housing (A) containing a processor, memory, time keeping 
components, batteries, speaker, alphanumeric display, 
and keypad is held by the user. Components are intercon- 
nected by wire (D). The user's gaze denoted by the dotted 
line (E) is directed towards a grouping of stars, a grouping 
that could have a name, location, and other information 
stored about it in the device's database. 



[0017] Figure 4 same configuration as in figure 3, but the multi- 
axis accelerometer and multi-axis magnetometer have 
their own battery power and send signals to the handheld 
housing via electromagnetic signals so that the conduc- 
tors of figure 3 are not needed. The remaining labels are 
the same as those of figure 3. 

[0018] Figure 5 shows a flow diagram for the operation of the 
device. The first two items represent start up procedures 
of determining time and location and of checking/cali- 
brating sensors. Following these, the user then selects 
whether they wish to seek a specific object or to have ob- 
jects near where they gaze identified to them. If the for- 
mer, then the left side of the flow is followed; if the later, 
then the right hand flow is followed. Following an object 
being reached or identified, the flow can start over again 
at mode selection or at calibration should errors be obvi- 
ous to the user. 
Detailed Description 

[0019] This detailed description is of the currently preferred em- 
bodiments of the invention and are meant to be illustra- 
tive of the invention. Figure 1 provides a schematic of the 
necessary components of the invention. Figure 2 provides 
some possible embodiments of these necessary compo- 



nents. Figure 3 is a still further restricted embodiment of 
the invention focusing on specific kinds of sensors (the 
use of accelerometers and magnetometers), placements of 
these sensors (on the user's head and waist) and method 
of interconnecting physically separate components (by 
wire). Figure 4 provides another embodiment where the 
device of figure 3 has signals carried from sensors to the 
processor via electromagnetic signals instead of wires. 
Though not shown a potential embodiment is to have the 
sensors of figure 4 or figure 3 both be placed on the 
user's head. 

[0020] The device of figure 3 or 4 would operate according to the 
flow diagram of figure 5. The user would turn on the de- 
vice and enter location and time information (in some em- 
bodiments prior entries may be saved in memory and 
could become default values). After this the user would be 
prompted to assist in the initialization of the sensor read- 
ings by gazing at some standard positions (in some em- 
bodiments straight ahead and straight up). Following ini- 
tialization the user can select from two methods of use 
and repeat these as desired. The first method of use is to 
select an object from a set of choices appearing in the 
display of the device using buttons or keypad. The device 



would then indicate to the user by sounds which direction 
to look to find the selected object. The device could do 
this by voice or by a tone or vibration that varied with an- 
gular proximity of computed gaze to the celestial object 
sought. Once the user's gaze was at the sought object, 
facts about this object would be communicated to the 
user by the device via speaker or display. A second 
method of use is for the user to simply look around the 
sky. As objects are encountered by the user's gaze, the 
device indicates the name of the object being viewed. If 
more information is desired about this object, the user 
can indicate this by voice or button input into the device. 



